Accurate, detailed and recent Information about land cover/use is important and much more needed for different aspects of sustainable development and environmental management. As remote sensing datasets are becomes one of the most important and effective tools to generate such information, this study aimed to generating land cover map for sub area in Al-Ahasaa Oasis, Saudi Arabia, by using and classifying a subset of Landsat-ETM+ image of the selected study area, as bases and required input for future studies and researches. Different image preprocessing techniques in addition to a will-known and widely used classification method (i.e., Maximum Likelihood classifier) were applied. To be reliable with the final product, accuracy assessment was carried out with 89% agreement and accepted according to the applied method. Different land cover classes were found in the study area, which includes (Sand dunes, Water bodies, Sabakha, Bare soil, Urban, and Agricultural lands). The study also revealed that the dominant land cover class is sand dunes with approximately ± 70% in area. The study strongly indicated that the area has long been affected by sand movement. Finally, the study suggested that, further researches with more advanced methods rather than traditional methods are needed in the future to support the findings of this study, with high degree of accuracy.
Introduction
Land cover characterization, mapping, monitoring and assessment are the most important and typical applications of remotely sensed data (King, 2002) . Land cover is a fundamental variable that impacts on and links different parts of the human and natural environment (Food, 2002) . The availability and accessibility of accurate and timely land cover information play an important role in many global land development, and in many scientific studies and socioeconomic assessments because they are essential inputs for environmental and ecological models (Bontemps et al, 2012) , primary reference for ecosystem control and management , and required information for understanding coupled human and natural system (Mora et al, 2014) . The need for accurate and up to date information regarding land cover and its dynamic are increasingly necessary at different spatial and temporal scales (Chen et al., 2015a; Jin et al., 2013) , and also in regional and local scale. Knowledge about land cover is important for many planning and management activities concerned with the surface of the earth (Giri, 2012) . Understanding the distribution of land cover is crucial to the better understanding of the earth's fundamental characteristics and processes, including productivity of the land, the diversity of plant and animal species, and the biogeochemical and hydrological cycles (Giri, 2012) . Several authors have reported that remote sensing data (Rader and Optical) are become an important tools for gathering, monitoring and mapping land cover types using different methods and techniques (Pilesjo, 1992 , Chen et al, 2016 , Osman, 1996 , Lillesand and Kiefer, 1989 , Salih et al, 2017 , Sobrino et al., 2004 , Erener et al., 2011 . For example, Osman (1996) suggest that the application of nonparametric methods or knowledge-based image analysis methods to increase the degree of classification accuracy. To obtain accurate information from remote sensing data, different preprocessing algorithms should be applied on the satellite image.
However, in the study area, little information and a few studies about the land use/cover have been found. Accurate and up -to-date information regarding land cover is much more needed, and the available information needs further investigation. The overall aim of this paper is to classify Landsat-ETM+ satellite image to extracting and mapping the current land cover thematic classes in the study area, using a standard supervised (i.e., Maximum Likelihood) classification method, aided by different image preprocessing techniques.
The study area
The area used in this study is Al-Hufu area, which is located in AlAhsaa, eastern region, Saudi Arabia. It cover approximately 2268.72 km 2 in area, with the geographical coordinates (49º. 24-49º.48 E and 25º.24-25º.36 N) , (see Fig.1 ). The study area is mainly covered by active sand dunes. The topography as shown in (Fig.2 , a/b) is very gently with little relief and a few surrounding ridges. The elevation is ranging from 345 to 510 meters above sea level. The study area is affected by the arid and semi-arid climate, with average annual rainfall less than 46 mm, and mean annual temperature is approximately 28 Cº. The rain falls almost entirely in the period of March to August. The data sets used are derived from two major sources. These are; field work data and remote sensing data. A set of 100 ground truths, collected in June 2017, were used in this study. A group of 50 points were used to define and collect the training samples, while the reset were used to perform the accuracy assessment of the classification results.
A Garmin GPS device was used in determining the locations of the points. Field work was documented by taking a numbers of digital photographs for difference land cover materials. These photos were used to perform the visual interpretation of the satellite image. was used to carry out this study.
Methodology
To generating the land cover map, several and essential image preprocessing and analysis techniques were used. All the image processing and analyses have been carried out by using an Integrated Land and Water Information system (ILWIS) open source software. ILWIS is software with Geographical Information System (GIS) and Image Processing capabilities.
Image Pre-processing
For several reasons, raw remotely-sensed data generally contain geometric and radiometric errors (Mather, 2004) . To classify, identify and extract spectral and spatial classes representing different thematic features from these data (Liu and Mason, 2009 ), these errors have to be removed or eliminated. In this study, the geometric corrections were already done by the data provider, while the necessary radiometric corrections were accomplished as previously described in (Irish, 2002 and Mather 1987) .
Image classification
There is a relationship between land cover and measured reflection values in image data, which is depend on the local characteristics (ILWIS, 2001 ). In order to extract information from the image data, this relationship must be found. The process to find this relationship is called classification. Digital image classification is customarily made by applying either supervised or unsupervised classification methods (Lillesand and Kiefer, 1989, cited in Osman, 1996) . For satellite image applications, the latter is generally considered much more important and widely used (ILWIS, 2001) . In this study, the supervised classification method was applied to classify sub-scene of Landsat-7 ETM+ image. In the following steps, the classification procedures were given:
1. By using three uncorrelated bands (7, 5, and 1) have been obtained by using the optimum index factor (O.I.F), a false colour composite image was created.
2. Three image transformation methods were used. These are: a)
Principal Components Analysis (PCA) was used to reducing data dimensionality (Liu and Mason, 2009 ), b) Image subtraction (differencing) was used for spectral enhancement and removal of background illumination bias (Mather 1987) :, c) Image division (ratio) was used to enhancing spectral features, and finally d) Normalized
Difference Vegetation Index (NDVI) was used for detection vegetation spectral response.
3. By using data derived from step 1 and 2, two set of signature files were defined and collected aided by the groups of "ground truth points".
4. For signatures evaluation, the created signature files were plotted in colors feature space (see Fig.3 ), to confirm and judgment that, the selected land cover classes are spectrally distinguished and each class corresponds to only one spectral cluster (ILWIS, 2001), (i.e., no obvious overlap exist) between different features.
5. By using the signature files generated in step three, the supervised classification (maximum likelihood algorithm) was applied in a semiautomatic way and the obtained result was evaluated and tested for accuracy. 
Results

Image transformation results
The results of the eigenvalues and covariance matrix analysis of the subset digital image are presented in Table (1) . As the PCA operation made the bands independent from one another, bands with high amount of information (i.e., PC1, PC2, and PC3) are used to create a colour composite image as shown in Fig (3) . The eigenvalues representing the variances of PCs shown in Table ( 3) indicates that a very large portion of information (data variance) is concentrated in PC1 with 94 % variance accounts. Therefore, it is usage was restricted just to define and collect the training areas. Table 2 . By referencing to Table 2 , the sand dune class is dominant in the study area, it cover about 70% of the study area. The absence of vegetation cover on the study area sides is conspicuous. There are, however, a few vegetation cover near water bodies in the form of bushes. Fig.8 also shows that the agricultural areas are only cover 5% in area, mainly date trees with a few vegetables around it. Urban areas cover approximately 8% of the study area.
According to the urban shape and pattern, it is clear that the urban growth and extension of the study area is in the North-South and East direction. This meant that the extension of the urban is restricted with different factors (e.g., Sand dunes). Table ( 3) shows the statistical report of the cross function that was used to evaluating the accuracy of the classification result, using the second set of signature file. The overall accuracy is 79 %, with average accuracy 89 % and average reliability 83 %, which demonstrate that the good performance of classification procedures. Generally speaking, statistical information from Table ( 3) indicates that the error of accuracy and reliability is less than 17 percent. By referencing to the accuracy and reliability statistical information, the classification results are accepted as basis for better planning and management of the existing land resources in the study area. 
Discussions
A study of Landsat-ETM+ image in the study area reveals that a large variety of sand dune shapes were found. With a total area estimated at 1591 square kilometer, has sand cover. At least one-third of the study area has been affected by sand movement. The problem of sand movement has been controlled for several years by planting different type of trees utilized to control and stabilize the sand movement toward the urban built-up area. Difference shapes and sizes of sand dunes have been found in the study area. Holm (1960) pointed out that the main sources for these sand dunes are: the Rub' al Khali, Nafud's, and Dahna deserts. He also reported that the primary sources of sand for these deserts are crystalline rocks exposed in the uplands of the peninsula. An observation from field work suggests that most of the sand dunes occur in areas of low relief, and low plains, as shown in the East and West of the study area. In the Eastern part of the study area, the dunes high are about ± 150 meters. The second more interesting cover type has been found in the study area is Sabakha's features (indicated by blue colour in the land cover map). A study by Holm (1960) pointed out that the name is from the Arabic, and the sabakha is a saline flat area, and are found inland from the coast at elevations up to 150 meters near Hofuf (The focus of this study). Most of this type of land cover has long been concentrated at Eastern part of the study area (see Fig.8 ). Also Holm (1960) reported that there are two types of sabakha's formation along the Arabian cost, these are: 1) arenaceous, filled with sand, and 2) aregillaceous, filled with clay. For more details and more information about the formation of this land cover type, the study has been carried out by (Holm, 1960) can be considered and suggested. Also from Table   2 , can be seen that the agricultural areas only cover around 131 square kilometer (i.e., approximately 5%) from the whole study site. One may interpret that for some reasons; the first reason is that the study area has long been affected by difference kinds of drought (e.g., hydrological droughts), the second reason is that the study area has been experiencing steady growth in its population since 2000 until today(). 
Conclusions
The aim of this study was to generate up-to-date land-cover map of the Al-Hofuf study site based on a will-known and widely applied (i.e., maximum likelihood classifier algorithm) standard supervised classification method using Landsat-7 ETM+ subset image data. From the obtained results, the study concludes that: 1) Results from the study revealed that using image transformations prior to image classification decreased the topographical effects (i.e., shadows) on the satellite image and make it more consistence for classification application, and more appropriate for the definition and collection of training areas, especially for (urban and sabakha).
It is also concluded that correlation matrix (i.e., O.I.F) was very useful to obtain multivariate statistical information of a data set for 3-band combination.
2) By referencing to the applied methods and overall accuracy results, the generated land-cover map may considered for land resources management and development. Furthermore, the study concludes that Landsat-ETM+ image data give optimal and up-to-date information regarding land use/cover mapping, and very useful to carry out land use/ cover studies in wide arid and semi-arid area.
3) Finally, the. The results also pointed out that the study area has long been affected by sand movement. Therefore, more studies in the future should taking place in the study area for more information about this phenomenon (i.e., Sand Encroachment).
